This study examines the mtDNA diversity of the proposed descendants of the multiethnic Hohokam and Anasazi cultural traditions, as well as UtoAztecan and Southern-Athapaskan groups, to investigate hypothesized migrations associated with the Southwest region. The mtDNA haplogroups of 117 Native Americans from southwestern North America were determined. The hypervariable segment I (HVSI) portion of the control region of 53 of these individuals was sequenced, and the within-haplogroup diversity of 18 Native American populations from North, Central, and South America was analyzed. Within North America, populations in the West contain higher amounts of diversity than in other regions, probably due to a population expansion and high levels of gene flow among subpopulations in this region throughout prehistory. The distribution of haplogroups in the Southwest is structured more by archaeological tradition than by language. Yumans and Pimans exhibit substantially greater genetic diversity than the Jemez and Zuni, probably due to admixture and genetic isolation, respectively. We find no evidence of a movement of mtDNA lineages northward into the Southwest from Central Mexico, which, in combination with evidence from nuclear markers, suggests that the spread of Uto-Aztecan was facilitated by predominantly male migration. Southern Athapaskans probably experienced a bottleneck followed by extensive admixture during the migration to their current homeland in the Southwest. Am J Phys Anthropol 120: 108 -124, 2003.
Stretching from Baja California to New Mexico and from Utah and Colorado south to the regions of Sonora and Chihuahua, the southwestern region of North America is characterized by diversity in landscape and culture. The people indigenous to this region include speakers of the Yuman, Seri, Piman, and Southern Athapaskan (Na-Dene) languages, as well as the culturally defined Pueblo groups. The languages and cultures of these five groups differ markedly, and the five are presumed to have experienced separate origins and prehistories. The study of prehistory of the southwestern region of North America is dominated by evidence of geographically widespread archaeological cultures practiced by multiethnic groups exhibiting marked language diversity. Ironically, in contrast to the great linguistic diversity, the region is genetically characterized by a remarkably homogenous and high frequency of mitochondrial DNA (mtDNA) haplogroup B (Lorenz and Smith, 1996) . Using a larger and more representative sample of populations and mtDNA sequence data, this study examines the genetic structure of the descendants of the multiethnic Hohokam and Anasazi cultural traditions as well as the nature of the hypothesized Uto-Aztecan and Southern Athapaskan migrations into or from the Southwest region.
guages indicate that the divisions within the language family are not very ancient, but instead represent a continuum of very closely related languages across geographic space (Kendall, 1983) . Kiliwa is the most divergent of the four Yuman branches. Linguistically, the Cochimi represent the closest relative outside of the Yuman language family, and has often been classified within this family in the past (Goddard, 1996) . Based on the pre-European-contact homeland of the Kiliwa and Cochimi, proto-Yuman mtDNA LINEAGES IN THE SOUTHWEST is believed to have originated in Baja California and to have begun diversifying and expanding northward approximately 1,000 years before present (BP) (Hale and Harris, 1983) . The material culture of the ancestors of Yuman speakers is presumed to be the Hakataya (a part of which is referred to as Patayan) archaeological tradition (Schroeder, 1963; Cordell, 1997) . This tradition was centered in the Colorado River valley and extended Southwestward into southern California and Baja California (Schroeder, 1963) .
The Seris live across the Sea of Cortez from Baja California in Sonora, Mexico and speak an isolate language (Fig.2) . The geographic proximity of the Seri to Yuman speakers suggests the potential for a recent admixture. In addition, Kroeber (1915) presented a strong case for including Seri in the Hokan language superfamily together with Yuman languages and languages surrounding California's central valley. Currently, the exact relationship between the Yuman and Seri is undefined (Goddard, 1996) .
The upper Pimans, consisting of the Akimal O'odham (Pima) and the Taono O'odham (Papago) peoples, are located in southeastern Arizona and the Mexican state of Sonora and are part of the Tepiman languages, which extend from Jalisco to Arizona. While the Akimal O'odham have admixed with other nearby groups, such as the River Yuman, the Taono O'odham have remained highly endogamous (Smith, 1981) . Thus, a comparison between the Akimal O'odham and Taono O'odham could reveal genetic traits acquired by the Akimal O'odham through admixture (Brown et al., 1958) .
The Tepiman languages are part of the Uto-Aztecan language family, whose distribution extends from Central America to the northern peripheries of the Great Basin. The origin of the Uto-Aztecan language family is disputed. The largest amount of diversity among Uto-Aztecan languages is located in Southern California, suggesting that the greatest antiquity and, therefore, the homeland for Uto-Aztecan is in Southern California approximately 5000 BP (Miller, 1983) . However, Hill (2001) argued that Uto-Aztecan originated in Central Mexico, later spreading into the Southwest, Southern California, and the Great Basin. The spread of Uto-Aztecan languages northward might have been driven by the development of maize cultivation and a related population expansion in Central Mexico, which Hill (2001) believes is the source of agriculture-related terms in Hopi.
The intrusion of a Mesoamerican influence, including agriculture, into the Southwest about 3500 -2500 BP coincides with the fluorescence of the Hohokam cultural tradition, while the decline of that tradition roughly temporally correlates with the diversification of proto-Yuman. Schroeder (1963) argued that the Hohokam tradition emerged from a Mesoamerican cultural influence on the Hakataya tradition, widely considered to have been practiced by ancestors of modern Yuman-speaking tribes, but others regard Hohokam as an introduction of Mesoamerican emigrants (DiPeso, 1956) . Whether the expansion of Mesoamerican influence in the American Southwest was demic (i.e., the result of the migration of peoples) or simply the expansion of cultural interaction spheres, both proto-Yumans and proto-Pimans are hypothesized to have participated in the Hohokam tradition. Linguistic evidence (Shaul and Hill, 1998) and evidence from burial practices (Shaul and Anderson, 1989) suggest that Hohokam encompassed a multiethnic community that consisted of ancestors of Yumans and Pimans, and perhaps also the Zuni later in time.
Pueblo groups are geographically confined to the northern region of the Southwest and include a linguistically diverse set of people who share common cultural traits, including living in compact permanent settlements, a common ceremonial system, and similar world-view (Eggan, 1950) . The antecedents of this multilingual group consisted of four different language families, Uto-Aztecan, Zuni, Keresan, and Kiowa-Tanoan, whose speakers share relative genetic homogeneity (Brown et al., 1958; Workman et al., 1974) , and whose ancestors are presumed to be the people of the Anasazi tradition, dating as early (Ward et al., 1991) ; 2, Yakima (Shields et al., 1993) ; 3, Washo (Kaestle, 1998) ; 4, Yuman (this study); 5, Pueblo (this study); 6, Piman (this study); 7, Norris Farms (Stone and Stoneking, 1998) ; 8, Choctaw (Weiss, 2001) ; 9, Chickasaw (Weiss, 2001 ); 10, Cherokee ; 11, Ngobe ; 12, Kuna (Batista et al., 1995) ; 13, Cayapa (Rickards et al., 1999) ; 14, Yanomama (Merriwether et al., 2000) ; 15, Xavante (Ward et al., 1996) ; 16, Pehuenche (Moraga et al., 2000) ; 17, Mapuche (Chile) (Moraga et al., 2000) ; 18, Mapuche (Argentina) (Ginther et al., 1993). as 3000 BP (Fagan, 2000) . The connection between the Anasazi and modern Pueblo groups is strengthened by a continuous culture chronology between the two. In addition, Carlyle et al. (2000) showed that the mitochondrial haplogroup frequency distributions of Anasazi people from Grand Gulch, dating to 2000 BP, are not significantly different from those of modern Pueblo groups, establishing biological as well as cultural continuity.
The Southern-Athapaskan speakers, the Navajo and Apache, are widely dispersed throughout the central region of the Southwest. Archaeologists and linguists agree that their ancestors arrived in the Southwest from a homeland to the north relatively recently, approximately 500 BP (Basso, 1983) , and quickly adapted in diverse ways to their new homeland. The Navajo adopted a Pueblo lifestyle displaying the cultural patterns similar to those seen in the Hopi, Zuni, and other Pueblo groups. The Apache, however, maintained a nomadic lifestyle.
MATERIALS AND METHODS

Populations studied
The locations of the populations studied in the Southwest are shown in Figure 1 . The sources for serum samples from the Zuni, Jemez, Akimal O'odham, Northern Paiute, Nahua, Pai Yuman, River Yuman, Delta Yuman, Kiliwa, Cochimi, Navajo, and Apache are described in Smith et al. (2000) . The Seri samples were obtained from Clara Gorodezky (Department of Immunogenetics, IN-DRE, Mexico City, Mexico), and the Taono O'odham samples from Moses Schanfield (Analytical Genetics Testing Center, Denver, CO). The Zuni and Jemez are Pueblo groups. The upper Piman speakers (Akimal O'odham and Taono O'odham), the Northern Paiute of the Great Basin, and the Nahua from Cuetzlalan, Mexico all speak Uto-Aztecan languages. The Yavapai, Paipai, Kumeyaay (Diegueno), and Kiliwa represent the four main branches of the Yuman language group, and the Cochimi speak the most closely related language outside the Yuman group. Additional samples from the literature and from Lorenz et al. (unpublished) were included in analyses of group diversity (Ward et al., 1991 (Ward et al., , 1996 Ginther et al., 1993; Shields et al., 1993; Batista et al., 1995; Kolman et al., 1995; Kaestle, 1998; Rickards et al., 1999; Merriwether et al., 2000; Moraga et al., 2000; Malhi et al., 2001; Weiss, 2001) .
The haplogroups of a total of 117 Native Americans were determined by restriction fragment length polymorphism (RFLP). A subset of 53 samples was sequenced from nucleotide positions (np) 16055-16548 in this study and analyzed together with an additional 29 samples that had been previously sequenced (Table 1) .
DNA extraction and typing
DNA was extracted from 200 l of serum using the Qiagen Blood Amp Kit. Amplification reactions were carried out in a 25-l volume with 1-3 l of DNA template, 50 M of each primer, 10X Buffer (50 M Tris, pH 8.4, 1.5 M MgCl 2 , 20 M NaCl, and 500 mg/ml BSA), 1.5 units of Platinum Taq (Gibco), 200 M of each dNTP, and 13.3 l of ddH 2 O. After an initial 4-min denaturation step at 95°C, 40 cycles were performed consisting of a denaturing at 95°C for 30 sec, an annealing step at 52-55°C for 30 sec, and an extending step at 72°C for 30 sec, followed by a final 3-min extension at 72°C. A 5-l portion of amplification product was electrophoresed on a 6% polyacrylamide gel and stained with ethidium bromide to confirm the presence of PCR product. To assess the presence or absence of diagnostic restriction sites, the remaining 20 l were incubated with 10 units of the appropriate restriction enzyme overnight at 37°C. Primers used for amplification of these segments are described in Smith et al. (1999) .
Hypervariable segment I (HVSI) of the control region was amplified using primers described in Smith et al. (1999) . The PCR products were filtered using a Microcon 100 filter unit (Millipore) and then submitted for sequencing to the DBS Automated DNA sequencing facility at the University of California at Davis. Both the heavy and light strands were sequenced to preclude sequencing errors. All sequences generated for this study can be found in the Appendix.
DNA haplogroup and sequence analysis
Altogether, 479 individuals, including those from 362 additional samples previously studied or reported in the literature, were analyzed in this study. Any individuals in a given sample determined not to mtDNA LINEAGES IN THE SOUTHWEST belong to haplogroups A, B, C, D, or X were assumed to represent non-Native American admixture (Smith et al., 1999) and were excluded from analysis. Treating the five Native American haplogroups as alternate alleles at a single locus, gene (haplogroup) diversity was estimated as: Nei, 1987) , where n is the number of gene copies in the sample, k is the number of haplogroups, and p i is the sample frequency of the i-th haplogroup. Pairwise comparisons and tests for homogeneity of haplogroup frequency distributions were made between all populations and groups using Fisher's exact probability (Weir, 1990) , bootstrapping each comparison with 1,000 iterations using the Genepop software program (Raymond and Rousset, 1995) . The Kiliwa and Seri were excluded from this part of the analysis due to their extremely small sample sizes (7 and 8, respectively). Genetic distances were calculated between all pairs of populations in the Southwest, using the chord distance measurement of Cavalli-Sforza and Edwards (1967) in GENDIST, and phylogenetic trees were constructed by the neighbor-joining method using NEIGHBOR and DRAWTREE in the PHYLIP 3.572 software package (Felsenstein, 1993) . A consensus tree was constructed, with 100 iterations, using SEQBOOT and CONSENSUS in the PHYLIP software package. A principal coordinates analysis was performed for all groups inhabiting the Southwest. The coordinates were calculated in Genstat for Windows, using genetic similarity between populations (1 Ϫ F ST ), calculated from F ST values determined in Arlequin version 2.000 (Schneider et al., 2000) , and the first two coordinates are reported. Finally, an analysis of molecular variance (AMOVA) was performed, using the Arlequin package (Schneider et al., 2000) , to determine whether gene flow in populations in the Southwest was structured more strongly by language boundaries or by shared archaeological traditions.
Due to the polyphyletic lineage history of Native Americans (Schurr et al., 1990) , we limited our analyses to within-haplogroup comparisons. By excluding interhaplogroup comparisons, we preclude most influence of prehistoric population events that occurred in Asia prior to settlement of the Americas. Due to sampling and variation in haplogroup frequencies of Native American groups, some haplogroups are better suited for answering specific questions about population prehistory than others. Haplogroups A, B, and C are high in frequency in northern Athapaskans, Southwest populations, and most Uto-Aztecan groups, respectively. Therefore, in this study, haplogroup A was used to study the Southern Athapaskan migration, haplogroup B to study genetic relationships among Southwest populations, and haplogroup C to investigate the spread of the Uto-Aztecan languages. Haplogroups D and X are nearly absent from Southwest populations, and therefore were excluded from analysis. Haplotype median-joining networks were constructed using the Bandelt Network Program (Bandelt et al., 1999) . Nucleotide positions 16182-16183 were excluded from analysis of haplogroup B haplotypes, since polymorphism at these sites appears to be hypervariable and is neither informative of phylogenetic relationships nor reported in a consistent manner by different authors. Nucleotide position 16519 was also excluded from the analysis because it is hypervariable.
Theta ( S ), an estimate of genetic diversity, was calculated as: Watterson, 1975) , where S is the number of segregating sites and n is the sample size. All calculations were performed using the ARLE-QUIN package (Schneider et al., 2000) and Microsoft Excel. Theta ( S ), which is similar to the estimator E(v) as described by Excoffier and Laganey (1989) , reflects the diversity in a population due to long-term history and is less influenced by generational and sampling effects. Estimates of genetic diversity within haplogroup C were excluded from the analysis, because sample sizes within groups were too small to provide an accurate estimate of diversity.
RESULTS
Haplogroup frequency distribution
As reported in previous studies Smith, 1994, 1996; Carlyle et al., 2000; Smith et al., 2000) and illustrated in Table  2 , which gives the distribution of haplogroups by group, lineage B is the predominant haplogroup in the American Southwest region, reaching a maximum frequency in the Jemez Pueblo (89%) and a minimum among the Western Apache (13.2%). The frequency of haplogroup C is more uniform than that of haplogroup B across populations of the Southwest, reaching a maximum in the Cochimi and Delta Yuman populations (46.2% and 43.5%, respectively). Consequently, gene diversity (h) is lower than 60% for all but one of the 14 populations studied, because most individuals belong to either haplogroup B or C. Although most populations in the Southwest are characterized by relatively high frequencies of haplogroups B and C, the fixation of haplogroup B in the Kiliwa and the near fixation of haplogroup C in the Seri are unusual. These findings probably reflect sampling errors due to small sample size, or perhaps intense genetic drift in extremely small and/or isolated populations (Infante et al., 1999 ).
Haplogroup A is extremely rare or absent in most of the populations studied except the Southern Athapaskans, i.e., the Navajo and Apache, in whom its frequency reaches 51.6% and 63.2%, respectively, and the Nahua, in whom its frequency reaches 61.3%. The Apache and Taono O'odham are the only populations in the Southwest that exhibit haplogroup D (approximately 5% in each population). The rarity of haplogroup D in the Southwest is in stark contrast to the high (48%) frequency of haplogroup D among speakers of Uto-Aztecan languages in the adjacent Great Basin (Paiute-Shoshone). Haplogroup X is present in low frequency in the Jemez Pueblo, Navajo, and Akimal O'odham (8.3%, 3.1%, and 2.3%, respectively). The presence of haplogroup X in the Akimal O'odham represents the first reported incidence of this lineage in a Uto-Aztecanspeaking population Overall, Pueblo groups display a high frequency of haplogroup B, Yuman and Piman groups exhibit moderate frequencies of both haplogroups B and C, and Athapaskan groups share high frequencies of haplogroup A. In comparison to other Southwest populations, the Zuni and Jemez Pueblo exhibit low levels of gene diversity (0.394 and 0.208, respectively), due to very high frequencies of haplogroup B. This paucity of gene diversity could reflect matrilocal residence and the lack of female gene flow from neighboring or invading groups, consistent with the prehistoric lifeways of these people (Steward, 1937; Workman et al., 1974) . The three Uto-Aztecan groups studied here (the Paiute/Shoshone of the Great Basin, the Akimal O'odham and Taono O'odham of the arid Southwest, and the Nahua of central Mexico) differ markedly from each other because of their uniquely high frequencies of haplogroups D, B, and A, respectively.
The Athapaskan groups cluster together in the consensus tree (Fig. 3) , as do the Delta and River Yuman groups, probably due to common ancestry. The results of Fisher's exact test between all pairs of populations reveal no significant difference among the Yuman, Cochimi, and the Piman groups (P ϭ 0.7067, SE ϭ 0.016). However, haplogroup distributions of the Navajo and Apache are significantly different from each other (P ϭ 0.00, SE ϭ 0.00) as well as from all other groups in the Southwest. The haplogroup distribution of the Zuni and Jemez Pueblo are also significantly different from each other (P ϭ 0.014, SE ϭ 0.00), but the haplogroup distribution of the Zuni Pueblo is not statistically significantly different from that of the Pai Yuman (P ϭ 0.22, SE ϭ 0.00). The Pai and Zuni Pueblo are neighboring groups, and recent admixture could explain the similarity between them. However, the two geographically distant Pai groups were pooled in this analysis because they were not statistically in- Torroni et al., 1993; Lorenz and Smith, 1996; this study (9) distinguishable from each other, suggesting that recent admixture does not fully explain this pattern. The AMOVA of haplogroup frequency distributions for populations in the Southwest assigned the majority (74%) of haplogroup variation to differences within populations. Differences between descendants of different archaeological (cultural) traditions (26.17%) account for a greater proportion of the total variation than do differences between language families (21.78%). This result suggests that participation in common prehistoric lifestyles and/or geography were more instrumental in structuring gene flow than was language in the Southwest.
Fifty-three percent of the variation in the principal coordinates analysis, shown in Figure 4 , is accounted for by the first coordinate (X-axis), and 39% is explained by the second coordinate (Y-axis). This analysis revealed one main cluster that includes the Yuman groups, the linguistically related Cochimi, and the Akimal O'odham (Fig. 4) , in agreement with the results of Fisher's exact test. The Zuni are located equidistant from this main cluster and the Jemez Pueblo. Finally, the Navajo and Apache group at a distance from the main cluster. The high frequency of haplogroup A, which the Navajo and Apache share, is almost certainly due to common ancestry, as haplogroup A approaches fixation in other Athapaskan groups in Alaska, such as the Dogrib (Torroni et al., 1993; Merriwether et al., 2000; Lorenz and Smith, 1996) , and it was probably nearly fixed in the unadmixed Athapaskans who founded the Apachean populations in the Southwest.
Deletions/insertions
Two of three Nahua members of haplogroup A (assessed through the presence of the HaeIII restriction site gain at np 663 and the presence of diagnostic HVSI mutations at np 16223, 16290, 16319, and 16362) also possessed the COII-tRNA lys intergenic 9-bp deletion. This is consistent with previous conclusions that the 9-bp deletion has occurred more than once in several different continents, and suggests that the deletion has multiple origins in the Americas, a pattern previously seen in Africa (Soodyall et al., 1996) and India (Watkins et al., 1999) . The haplogroup A/9-bp deletion motif has been reported in one Boruca individual (Torroni et al., 1993) , one Maya individual (Schurr et al., 1990) , three Baja Mixtec (Torroni et al., 1994) , and 10 individuals from the Northern Mexican cities of Juá rez and Ojinaga . Recently, this derived form of haplogroup A was discovered in three pre-Columbian Aztec individuals from Tlateloco, whose remains date to approximately 500 -700 BP . The only report of this type outside of Mexico or Central America is in one individual from Puerto Rico (Martínez-Cruzado et al., 2001) . It has been suggested that the haplogroup A/9-bp deletion type was brought to Puerto Rico via pre-Columbian slave trade between the Caribbean Two of three Taono O'odham samples assigned to haplogroup B whose HVSI regions were sequenced exhibited a CC insertion between np16193 and np16194. This dinucleotide insertion was previously unreported in Native North American populations and might represent a private polymorphism in the Taono O'odham population. However, this insertion has also been reported in the Kuna, a Central American population, that is not linguistically closely related to the Taono O'odham (Batista et al., 1995) . It is unclear whether this dinucleotide insertion is hypervariable and developed independently in the Taono O'odham and the Kuna, or if this reflects a distant common ancestry. Further analysis of additional HVSI sequences from members of haplogroup B in the Americas is needed to address this issue.
DNA sequence analysis
The mtDNA haplotype networks based on HVSI sequences are given in Figures 5-7 for haplogroups A, B, and C, with sample sizes of 18, 36, and 29, respectively. The haplogroup A network contains Alaskan Athapaskan, Nahua, and Southwest haplotypes. The Southern Athapaskans are found in three haplotypes in the A network. Three Southern Athapaskan samples are found together with one Yavapai haplotype, in what Forster et al. (1996) described as the A1 founding haplotype. The remaining five Southern Athapaskan haplotypes are found together in a clade (also containing two Alaskan Athapaskans and a Tlingit) defined by a mutation at np 16331. The Nahua haplotypes cluster together, but do not cluster with the Athapaskan haplotypes, due to mutations at np 16111 and np 16390.
The haplogroup B network contains three central shared haplotypes. However, the haplotype defined by Forster et al. (1996) as the founding B lineage is not shared. This latter haplotype is found only in four Jemez samples. This is rather surprising, as founding haplotypes are generally found in wider distributions than derivative ones (Forster et al., 1996) . The most common haplotype, shared by the Navajo, Zuni, Jemez, and Seri, is characterized by mtDNA LINEAGES IN THE SOUTHWEST mutations at np 16111 and np 16483. The next most common haplotype is shared among the Jemez, Cocopa, and Cochimi samples, and is defined by a mutation at np 16261. The third shared haplotype, the least common of the three, is shared by a Yuman (Pai) and Piman (Taono O'odham) sample. In addition, many Pimans share a mutation at np 16186, although they are further differentiated from each other by additional mutations. Another feature of this network is the large number of undetected haplotypes (unobserved intermediate haplotypes that are steps between observed haplotypes).
The haplogroup C network contains haplotypes from the Southwest as well as from Uto-Aztecan groups from Central Mexico, the Great Basin, and Southern California. Other than the founding haplotype of haplogroup C (Forster et al., 1996) , shared by the Shoshone and central Uto-Aztecan groups (together with three Seri), the network displays distant genetic relationships among the three geographically distant Uto-Aztecan groups. The Seri that fall outside the founding haplotype cluster tightly together, all containing a mutation at np 16301, and the Northern Paiute cluster together due to a mutation at np 16189. A single haplotype is shared between one Delta Yuman (Kumeyaay) and one California Uto-Aztecan (Luiseñ o). This result likely reflects gene flow structured through geo- graphic proximity, since the Luiseñ o and the Kumeyaay are neighboring groups living near the border of California and Mexico. Both Apache haplotypes are a single mutational step away from Yuman or Uto-Aztecan haplotypes, suggesting that the Apache acquired them through admixture. Table 3 shows the genetic diversity within haplogroups for Southwest populations and likely descendants of archaeological traditions. Table 4 displays the genetic diversity within haplogroup B for a large number of populations throughout the Americas (see Fig. 2 for corresponding geographical locations). Southern Athapaskans exhibit substantially less di- 
DISCUSSION
Origins and pattern of haplogroup B diversity
The known emergence and expansion of archaeological traditions in the American Southwest had a significant effect on the genetic structure of native populations in this region. This pattern is apparent despite the homogenizing effects of high frequencies of haplogroup B in most Southwest populations. This high frequency of haplogroup B is accompanied by a high level of diversity within this haplogroup.
Aside from the Washo in Western North America, Southwest populations contain the highest amount of diversity within haplogroup B in the Americas (Kaestle, 1998) . In contrast, populations in Central and South America exhibit a drastically reduced level of diversity within haplogroup B, as evidenced by their low value of S and their high proportion of founding haplotypes and single haplotypes one mutational step away from the founding lineage (network not shown). This supports the related hypotheses that 1) these same populations underwent a population bottleneck during the peopling of Central and South America (Batista et al., 1995; , and that 2) a high population density was reached in Central America soon after South America was settled, inhibiting Southward migrations from North America (O'Rourke et al., 1992) . Kolman and Bermingham (1997) speculated that the cultural and genetic distinctiveness of Central American populations suggests that they acted as a barrier to migration through this region. Thus, populations of South America might have experienced an extended period of very low population density, relative isolation, and genetic drift, due to a second genetic bottleneck subsequent to the founder effect associated with the earliest settlement of the Americas.
While the Mapuche of Argentina and the Pehuenche of Chile exhibit unusually large amounts of diversity within haplogroup B relative to other populations of South America, the Mapuche of Chile (from Huapi Island) exhibit significantly different haplogroup distributions than the Mapuche of Argentina (Moraga et al., 2000) . A similar pattern is exhibited in the Yanomama of Brazil and Venezuela (Merriwether et al., 2000) , and is consistent with events leading to strong genetic drift. The high levels of diversity in some groups are probably due to recent admixture with neighboring populations (O'Rourke et al., 1992) . The increased level of isolation among tribes is probably attributable to higher levels of habitat and linguistic diversity in South America than in North or Central America (Mace and Pagel, 1995) .
The high frequency and diversity of haplogroup B in the Southwest are probably due to an early colonization of this region by populations that contained or developed a high frequency of haplogroup B, followed by a rapid population expansion later in time. Currently, the oldest archaeological site in the Southwest (the Aubery site), at 11,550 rcBP (13,400 BP), contains Clovis technology (Fiedel, 1999) whose users probably experienced the effects of very low population densities. One possible explanation for the predominance of haplogroup B in these early Southwest populations is that early inhabitants of the Southwest were big game hunters who experienced genetic drift due to an initial small population Kaestle, 1998 size, causing haplogroup B to become the predominant haplogroup in this region. Alternatively, haplogroup B might represent an independent migration to the Americas, due to its absence in Siberia and curious level of genetic diversity (Starikovskaya et al., 1998; Schurr et al., 1999) . The introduction of maize agriculture from Central Mexico (approximately 3500 BP; Smith, 1995) probably contributed to the eventual expansion of haplogroup B. Even though agriculture spread from Central Mexico to North and South America at about the same time (Smith, 1995) , this population expansion associated with agriculture in North America was far more limited in South America, as evidenced by the lack of genetic homogeneity over a large geographic area usually observed with a population expansion. The limited influence of maize agriculture on populations in South America was probably due to the barrier of Central American populations to an expansion southward as well as high levels of ecological diversity in South America.
Southwest populations also exhibit relatively high frequencies of the B haplotype with T at np 16,261 also found in Mongolia (Kolman et al., 1996) and South China (Yao et al., 2000) . The occurrence of this haplotype in the Nuu-Chah-Nulth, located in the Pacific Northwest (Malhi, 2001) , as well as in Southwest populations, suggests that this haplotype might be a founding lineage in colonizing populations . Previous studies attempting to determine the number of founding haplotypes for Native Americans were based on relatively few samples representing a large geographic region, and probably resulted in an oversimplified view of the peopling process. Forster et al. (1996) were only able to identify a single founding B haplotype from their general survey of populations throughout the Americas. The present study shows that an extensive survey of mitochondrial DNA variation within regions that exhibit high frequencies of a certain haplogroup, in this case haplogroup B, can reveal previously unknown potential founding Native American haplotypes. Detailed studies of populations in the Northeast and the interior West of North America might identify additional founding haplotypes for haplogroups C and D, respectively, which are found in high frequencies in these regions (Lorenz and Smith, 1996) . Due to the high frequency of lineage extinctions in populations over time (Avise, 2000) , it is possible that additional founding haplotypes do not survive in modern Native American populations. In that event, analysis of ancient populations in North America holds the greatest potential for discovering additional Native American founding haplotypes.
Anasazi and Hohokam
The Zuni share a main haplotype with the Jemez, suggesting, along with the archaeological record, a common ancestry located in the heart of the Southwest perhaps as long as 3000 BP. Based on the distribution of haplogroup frequencies, the Pueblo groups are not statistically genetically different from the prehistoric Anasazi from Grand Gulch . The low levels of diversity within haplogroup B for the Jemez and Zuni suggest that these populations experienced similar histories. Workman et al. (1974) showed that Zuni and Taos Pueblo groups share an unusually high level of blood group B and overall lack genetic diversity, likely due to isolation of the Zuni and other Pueblo groups. The archaeological record of the ancient Anasazi and Pueblo traditions reveals a large-scale abandonment of village sites, followed by aggregation into compact isolated communities (Fagan, 2000) . This pattern suggests the possibility of high levels of lineage extinction due to a genetic bottleneck in the Anasazi and Pueblo groups that might have resulted in the low diversity of haplogroup B found among their descendants.
The Jemez, Cocopa, and Cochimi also share a central haplotype within haplogroup B that is rare outside of these Southwest groups. Ancestors of the Yumans probably had close contact with the ancestral Jemez. Therefore, contrary to conclusions based on the linguistic data, genetic data point to a Yuman homeland in the Arizona/New Mexico region of the Southwest rather than in Baja California. The Yumans may then have expanded to Southern California and Baja California later, as evidenced by the distribution of the Hakatayan culture.
The nearly identical distribution of haplogroups in both Yumans and Pimans is consistent with blood group data (Brown et al., 1958) , while the appearance of the Albumin*Mexico variant in all tribes representing both of these groups suggests either extensive admixture between these groups or common ancestry for them. The Zuni also contain the Albumin*Mexico variant (Schell and Blumberg, 1977) , and their haplogroup distribution is statistically indistinguishable from that of the Pai Yuman. These results are in accordance with linguistic evidence presented by Shaul and Hill (1998) suggesting that ancestors of these three groups participated in the Hohokam culture. It is interesting to note that no Piman haplotypes are represented in the three main shared haplotypes of the B network, and that many of the Piman haplotypes contain unique mutations at np 16186 and np 16317. It is possible that the ancestors of Pimans are not native to the American Southwest but migrated to the American Southwest from the region now identified as the Mexican state of Sonora, approximately 1500 BP. Pimans probably extensively admixed with, and introduced Albumin*Mexico to, Yumans upon entry into the American Southwest, during the emergence of the Hohokam cultural period. If the south to north movement of the ancestors of Pimans coincides with the spread of the Tepiman languages, this is in disagreement with the conclusions of Shaul and Hill (1998) , who provided multiple lines of linguistic mtDNA LINEAGES IN THE SOUTHWEST evidence that suggest a north to south spread of the Tepiman languages. Perhaps the split and southward spread of Tepiman languages postdated the movement of Piman ancestors into the American Southwest. It is also possible that analysis of nuclear and Y-chromosome markers will show a different genetic pattern, since the distribution of mtDNA haplotypes is biased by female movement.
Uto-Aztecan migration
Due to the independent origin of the 9-bp deletion in members of haplogroup A in the Americas, it is possible that samples identified as haplogroup B in Mesoamerica, using 9-bp deletion detection and not confirmed by mtDNA control region sequence analysis or tested for the presence of the HaeIII site gain at np 663, are actually members of haplogroup A. Therefore, the Nahua might be even less similar to the Pimans and Northern Paiute than previously reported (Smith et al., 2000) , due to an overestimate of the frequency of haplogroup B in Mesoamerica. The large differences in haplogroup frequency distributions among populations of the main branches of Uto-Aztecan, along with the distribution of haplotypes in the haplogroup C network, suggest that the spread of Uto-Aztecan was not the result of a population expansion northward caused by the development of maize cultivation in Mesoamerica. A population expansion caused by the development of agriculture would have likely involved the movement of women; therefore, the distribution of UtoAztecan was caused either by a language/culture spread that did not involve the movement of people, or by the migration of predominantly males, perhaps merchants engaged in trade activity along the Tepiman corridor.
The latter hypothesis is more consistent with the distribution of Albumin*Mexico and GM haplotypes (Callegari-Jacques et al., 1993) . Anthony (1990) described the behavior of migration as typically performed by defined groups. He described Julius Caesar's documentation of the migration of the Helvetii in 58 BC as a movement inspired by the ideology of "glory-seeking young men." The major interpretation of the linguistic evidence suggests that protoUto-Aztecan diversified and spread southward from the American Southwest approximately 5500 BP (Miller, 1983) . The direction of this movement agrees with Aztec legends of their descent from Chichimec barbarians from the north who invaded Central Mexico approximately 700 BP (Fagan, 1984) . However, this interpretation is in disagreement with the pattern of distribution of Albumin*Mexico. The distribution of Albumin*Mexico is in equilibrium with mtDNA haplogroups in the Pimans but not in the Yumans (Smith et al., 2000) . Disequilibrium between the Albumin and mtDNA loci in Yumans suggests they acquired Albumin*Mexico from the Pimans relatively recently. That Albumin*Mexico is widely dispersed among groups speaking a variety of Uto-Aztecan and non-Uto-Aztecan languages in Mexico, but is limited to Southwestern groups whose ancestors participated in the Hohokam cultural tradition, suggests that the mutation was introduced into the Southwest by immigrants from Mesoamerica. It is possible that the pattern and distribution of Albumin*Mexico in the American Southwest is the result of male Piman ancestors moving north, approximately 1500 BP, long after the initial spread of the Uto-Aztecan languages. Studies of nuclear DNA, especially Ychromosome markers, should provide insight into the origins and spread of Uto-Aztecan languages.
Athapaskan migration
The lower sequence variation in the Southern Athapaskans compared to Northern Athapaskan groups suggests that Southern Athapaskans experienced a founder effect/bottleneck during and/or after their migration to the Southwest. This founder effect probably explains the high frequency of the otherwise rare haplotypes with mutations at np 16331 and np 16233 in Southern Athapaskans. Since this haplotype is not seen in the Nahua (Uto-Aztecan) of Mexico or in Native American haplotypes from North-Central Mexico , a majority of haplogroup A present in the Southwest must have arrived with Athapaskans migrating from the North rather than from Mexico. However, this founder effect does not explain the disparity in haplogroup frequencies between Northern and Southern Athapaskans. If a founder effect were responsible for the higher frequencies of haplogroups B, C, and D in Southern Athapaskans, the Navajo and the Apache should exhibit similar frequencies of these haplogroups, because linguistic evidence suggests that the Navajo and Apache migrated to the Southwest as a single group (Hoijer, 1956) .
However, the Navajo and Apache display significantly different haplogroup frequencies. The Navajo share a major nonfounding haplogroup B haplotype with the Zuni and Jemez, while the Apache share a haplogroup C haplotype with the Yavapai. Brown et al. (1958) also observed that Navajo and Apache groups share blood group phenotypes with those groups in closest geographic proximity to them. This result suggests that the Southern Athapaskans obtained haplogroups other than A solely through admixture. Specifically, the Navajo admixed with the Pueblo groups and the Apache admixed with the Yuman and Piman groups. This result is consistent with the high frequency of Albumin*Mexico in the Apache and the low frequency of Albumin*Mexico in the Navajo, since the Yumans and Pimans possess Albumin*Mexico and the Pueblo groups do not (Smith et al., 2000) .
In addition, historic records document that during the formation of the historic Navajo population, large numbers of Pueblo refugees were absorbed into Navajo populations during the Pueblo Revolt of the 1680s (Brooks, 1999) . This amalgam-ation probably produced some of the similarities observed between Navajo and Pueblo groups, but it does not fully explain the genetic patterns for Southern Athapaskans described above. Since non-Athapaskan Southwestern groups do not carry significant levels of haplogroup A, it is reasonable to conclude that gene flow with Athapaskan groups was almost entirely unidirectional. Perhaps Southern-Athapaskans acquired wives through warfare or trade, a circumstance that might have been necessary for the survival of a (presumably) small immigrant group.
CONCLUSIONS
The diversity within haplogroup B in populations from western North America suggests that groups exhibiting high frequencies of haplogroup B experienced a population expansion in this region in prehistoric times. The introduction of maize cultivation into the Southwest may have contributed to this expansion. In contrast, populations in South America exhibit low diversity estimates within haplogroup B. This low amount of diversity may be a result of a population bottleneck during the peopling 
CRS, Cambridge Reference Sequence (Anderson et al, 1981) .
mtDNA LINEAGES IN THE SOUTHWEST of South America, or the result of relatively increased isolation among South American populations. Further investigation into the within-haplogroup diversity among many widespread North American and South American populations may clarify this issue. The results from this study suggest that language differences played a minimal role in structuring gene flow among populations in the Southwest. Despite the high frequency of haplogroup B within Pueblo groups, they exhibit a paucity of diversity within this haplogroup. Yuman and Piman groups, however, exhibit a large amount of diversity within haplogroup B and in haplogroup frequencies. This suggests that groups in the Southwest experienced significantly different population histories, possibly as a result of their inclusion in different cultural traditions during prehistoric times.
The distribution of mtDNA haplogroups and haplotypes among Uto-Aztecan-speaking groups in the Southwest and in Central Mexico suggests that the spread of Uto-Aztecan was not the result of a population expansion northward caused by the development of maize cultivation, as suggested by Hill (2001) . The distribution of nuclear markers such as Albumin*Mexico (Smith et al., 2000) , however, suggests that the spread of UtoAztecan may have been a predominantly malemediated event. In addition, the reduced amount of variation in haplogroup A in Southern Athapaskans compared to Northern Athapaskan groups suggests that Southern Athapaskans experienced a founder effect during their migration to the Southwest. However, the significant difference in haplogroup frequencies between the Apache and Navajo is the result of a large amount of admixture with different Southwest groups. Specifically, the Apache admixed with Yuman and Piman groups, while the Navajo admixed with Pueblo groups. Future studies, focusing on nuclear and specifically Y-chromosome variation within Southwest, Athapaskan, and Uto-Aztecan groups, will provide useful information that can be used to evaluate the existence and nature of these migrations.
